The present case report describes a multidisciplinary approach involving endodontic, restorative, surgical and periodontal treatment and rehabilitation of a central incisor with crown-root fracture (CRF) in an 11-year-old child. Although in the future possible sequelae and complications should be considered since it is an extensive trauma, the prognosis of the present case is favourable, with the occurrence of repair, evidenced by clinical, radiographic and tomographic success, after one year and six months of follow-up. It was concluded that the association of prolonged flexible splint, biological endodontic treatment, gingivoplasty and restorative/rehabilitative procedures seem to be an adequate and conservative management for CRF cases.
Introduction
Dental trauma can result in different types of damage to teeth and support structures [1] . The upper incisors are the teeth most commonly affected by trauma and, most of the times, the coronal portion is damaged [2] . The crown-root fracture (CRF) involves enamel, dentin and root cementum [1, 2] , presenting a prevalence of 5% in the permanent dentition [3] . The CRFs are classified as non-complicated and complicated, according to the presence or absence of pulp involvement [4] .
Depending on the force and direction of the impact, the fracture line may begin at some point of the crown and extend longitudinally, reaching the subgingival area and alveolar crest [1] . According to Olsburgh et al. [5] , an inflammatory reaction occurs in the gingival tissue at the level of the fracture line, below the cementum-enamel junction, with the presence of leukocytes and fibroblasts. Clinically, a mobility of the coronal fragment attached to the gingiva, with or without pulp exposure is observed [1] . It is difficult to detect the fracture line on the radiographic examination due to limitations inherent in the technique [6] , since the oblique line is almost perpendicular to the central beam of x-rays.
In this context, the importance of Cone Beam Computed Tomography (CBCT) in the diagnosis of root fractures, especially oblique and vertical fractures, is highlighted. This three-dimensional image reconstruction method allows direct visualization of the fracture line and overcomes the problems of distortion and overlap of anatomical structures of conventional two-dimensional methods [7] . Therefore, the CBCT can be a useful tool in determining the fracture line and in the planning of the best conduct to be taken. In addition, it makes an early diagnosis possible, guaranteeing a better prognosis of the case [8] .
Oblique CRFs which extend below the gingival margin and the alveolar ridge are difficult to restore [2] . During the planning of the best conduct to be followed, one must consider some factors such as the location and level of invasion of the biological space; pulp involvement; root development stage; dental eruption stage and presence of the fragment adequately adapted to the dental remnant [9] . Efforts should be directed to avoid loss of dental elements, especially in young patients, and to restore their shape and function, preventing the occurrence of deformities or injuries to soft tissues, which may occur through aggression of the biological space with restorative procedures [10] .
The subgingival location of the fracture makes obtaining a restoration with an ideal sealing by adhesive procedures extremely difficult or impracticable [2] . Thus, the treatment of these cases is a challenge to the dental surgeon and requires a multidisciplinary approach, involving Endodontics, Orthodontics, Periodontics and Prosthodontics. The main objective should be to expose the fracture margins supragingivally so that all clinical procedures can be performed without contamination with moisture or blood. In addition, the prognosis of the tooth can be improved by better control of the patient's biofilm [5] .
Treatment options for a crown-root fracture with the invasion of biological space include extraction, surgical crown lengthening, surgical extrusion, and orthodontic extrusion [2, 11] . In cases of young patients, extraction should be the last option because the rehabilitation through the placement of implants is unfeasible.
Therefore, the present case report describes a conservative multidisciplinary approach to the management and treatment of an extensive case of trauma involving the upper central incisors in a child.
Case Report
The patient M.E.B.M., female, 11 years old, was referred to the Pediatric Dentistry Clinic of the School of Dentistry of Ribeirão Preto, University of São Paulo, Brazil, reporting pain in the upper anterior incisors. During anamnesis, it was reported that the patient had suffered a bike fall a year before and that the permanent right upper central incisor [11] presented mobility, which impaired her feeding and the permanent left upper central incisor [12] was broken. After the trauma, coronal access, pulpectomy and sealing were the only dental procedures performed in a public health care unit. In addition, it was reported that the patient was experiencing psycho-emotional problems due to the aesthetic that was compromised and significantly affecting her self-esteem, including bullying episodes in school.
The presence of severe mobility in the permanent right upper central incisor [11] and extensive crown fracture in the permanent left upper central incisor [12] were clinically confirmed, as demonstrated in figure 1A . Both teeth responded negatively to the pulp sensitivity test and positively to the percussion. On radiographic examination, shown in figure 1B, a fracture line was observed in the cervical region of tooth 11, teeth 11 and 21 presented an intracanal dressing in the pulp chamber of unknown nature and tooth 21 presented a radiolucent image in the periapical region. The remnants upper and lower incisors did not show any significant clinical or radiographic signs.
In CBCT images examination, shown in figure 1C , an S-fracture was found in tooth 11, which was located at the level of cervical enamel (subgingivally) on the vestibular surface and at an intraosseous level in the cervical third of the root by palatal surface. In addition, periapical lesion on tooth 21 was present, whereas root resorptions and bone rarefaction in the lateral region of the root were absent.
A conservative treatment on tooth 11 was chosen to be performed, as the child could not receive an implant due to age. All possible consequences of the treatment plan elaborated were clarified to the patient and her legal guardian, who accepted and authorized by signing an Informed Consent Form. During all stages of the treatment, there was collaboration, dedication and commitment on the part of the family, which contributed to a favourable prognosis of the present case.
Clinical procedures
The first clinical procedure was the class IV restoration with light cure composite (Filtek Z250 XT, 3M ESPE, St. Paul,which was causing a foul smell and an inflammatory and infectious process, including a purulent exudate. The origin of the paper cone was unknown since it had been placed inside the canal during the service performed in a public health care unit, about a year ago. Endodontic treatment of both teeth included removal of temporary crown sealing neutralization of the septic root canal content, with manual files from greater to lesser caliber, until reaching provisional working length, and irrigation with 2.5% sodium hypochlorite; determination of the working length at 0.5mm short of the apical foramen, using an electronic apex locator (Root ZXII, J Morita Corp., Kyoto, Japan) and biomechanical preparation of root canals using the ProTaper NiTi rotary Universal System (Dentsply Maillefer, Ballaigues, Switzerland) powered by the X-Smart endodontic micromotor (Dentsply Maillefer), under constant irrigation with 2.5% sodium hypochlorite at each instrument change. After application of EDTA, new irrigation and drying of the canals with absorbent paper tips, an intracanal dressing was placed with calcium hydroxide based paste (Calen® -S.S. White Artigos Dentários Ltda., Rio de Janeiro -RJ -Brazil) and the access cavities were provisionally sealed with glass ionomer cement (Vidrion R® -SS White Artigos Dentários Ltda., Rio de Janeiro -RJ -Brazil). Figure 2B shows the radiographic image of root canals filled with the intracanal dressing.
After two changes of the intracanal dressing, every 30 days, it was removed and the root canals were filled with cones of gutta-percha and AH Plus root canal sealer (Dentsply-De Trey, Konstanz-Germany), shown in figure 2C, using the lateral condensation technique. After application of a layer of calcium hydroxide Dycal (Dentsply -De Trey) cement and glass ionomer cement, the access cavities were restored with composite (Filtek Z250 XT).
During the period of stabilization, gingival hyperplasia was observed in the anterior region, due to the absence of adequate oral hygiene, which was made difficult by the presence of the splint. Oral hygiene guidelines and instructions, as well as mouthwash prescription with 0.12% chlorhexidine, were necessary to control gingival inflammation.
After controlling of the inflammatory process and subsequent regression of gingival hyperplasia, periodontal surgical treatment was performed in the buccal region of the tooth 11, as demonstrated in figure 3A , which involved the following steps: intrapapillary local anesthesia, gingivoplasty performed with a 15-scalpel blade and periodontal curette, with exposure of the fracture line and tooth wear with bur ( Figure 3B ). Labial frenectomy and suture were also performed, as shown in figure 3C . In the next session, after gingival tissue healing, a restoration with a light cure composite of the fracture line was performed in the vestibular surface. The clinical view after surgical and The splint was removed subsequently, as demonstrated in figure 4A . However, a slight mobility on tooth 11 and gingival inflammation in the region corresponding to the vestibular fracture line were still present. The fracture of the palatal surface was completely repaired, as visualized in the radiographic examination. Figure 4B shows radiographic signs indicative of bone repair.
Thus, it was decided to plan an indirect restoration with the placement of an intraradicular post on tooth 11, involving the fracture line, which would improve the repair of the gingival tissue, as well as confer stability to the dental element. It was decided to also perform indirect restoration with an intraradicular post on the tooth 21, which had an extensive coronary fracture, so the post improved both aesthetics and retention. After preparation of the root canals, the glass fiber posts were cemented with dual resin cement (Relyx U200 (3M ESPE)) inside the root canals of both teeth. Subsequently, the elements were prepared to receive full composite resin crowns, as shown in figure 4C . It is noteworthy that the fracture line located on the vestibular surface of tooth 11 was included in the preparation. Temporary crowns were prepared and cemented in each tooth. Gingival healing and tissue adaptation were expected to take 60 days, evidenced in figure 4D .
After this period, the final composite crowns were cemented with dual resin cement (Relyx U200), offering a very satisfactory aesthetic result. At the end of the therapeutic approach, a new clinical ( Figure 5A ), radiographic ( Figure 5B ) and tomographic examination ( Figure 5C ) were carried out to evaluate all dental and periodontal tissues. In this examination, the deposition of mineralized tissue in the region of the fracture line located on the palatal surface of the tooth 11, the covering of the vestibular fracture line by the composite crown, the satisfactory root canal obturation, the correct adaptation of the composite crowns, absence of external root resorptions, continuity of lamina dura, and health of gingival tissue were observed. After a year and six months of follow-up, in addition to reports of satisfaction and improvement of the patient's self-esteem, both clinical and radiographic exams showed periodontal health, with regular gingival contour and no signs of tissue inflammation, satisfactory adaptation of the crown and an excellent aesthetic result, as can be seen in figure 6. 
Discussion
The present case report describes a conservative multidisciplinary approach involving endodontic, restorative, surgical and periodontal treatment and rehabilitation of a central upper incisor with crown-root fracture (CRF) of an 11-year-old child. Tooth loss in a young patient is very undesirable since this situation causes serious aesthetic and functional damages. Facing a severe dental trauma, a conservative treatment should be attempted. Then, the multidisciplinary approach described in the case report presents great clinical relevance.
It is well established in the literature that the prognosis of a tooth that presents fracture in the cervical third is unfavourable and that its permanence in the oral cavity in the long term is significantly diminished, when compared to teeth that present fracture in the middle or apical third of the root [3, 13] . This fact is due to the presence of mobile coronal fragment, which facilitates bacterial contamination of the fracture line from the gingival sulcus, damaging the occurrence of the repair process with mineralized tissue [3, 14] . This situation makes factors such as root development, pulp sensitivity and repositioning of the displaced fragments, described as crucial to the repair, not to exert so much influence in the cases of fractures located in the cervical third [15] . On the other hand, in this type of fracture, the smaller length of the pulp tissue in the coronal fragment presents a slightly greater chance of undergoing revascularization [13] , although this factor did not influence the present case, which already had a longlasting necrotic process throughout the root extension.
However, it has been demonstrated that cervical fractures can be repaired and a conservative approach, including relatively long periods of stabilization, has been recommended [16, 17] , being the conduct basis in this case. Considering that one of the objectives was the consolidation of the cervical fracture in the palatal region, the flexible stabilization splint was maintained for a period of 8 months, based on the recommendation of the International Association of Dental Traumatology [18] that if the root fracture is close to the cervical area of the tooth, the splint should remain for longer periods (up to 4 months). In this case, the stabilization was indispensable to control the excessive mobility of the coronal fragment.
At the same time, the importance of endodontic therapy performed with the use of calcium hydroxide paste [Ca (OH) 2 ] as an intracanal dressing between sessions needs to be emphasized. The healing of the fracture lines can exhibit several patterns, including repair with interposition of mineralized tissue, bone and connective tissue interposition (with separation of the fragments), interposition of connective tissue (around the ends of the fracture) and absence of repair with presence of a granulomatous tissue caused by the infection [19, 20] . In the present case, based on the final tomography (CBCT) image, we suggest that the consolidation has occurred with connective tissue interposition, which although is not an ideal repair, is also acceptable. Ca(OH) 2 has been indicated for several endodontic procedures, including the treatment of horizontal and vertical root fractures [12, 21, 22] . Its antimicrobial potential and its ability to stimulate the formation of mineralized tissue, properties attributed to its high pH, makes this material an excellent repair inducer [22] , and being widely accepted as an intracanal medication in the Endodontics and Traumatology areas [23] . Its action mechanism is based on the release of calcium and hydroxyl ions, the last one being the most important because it provides an alkaline environment, which stimulates repair and activate calcification. The alkaline pH prevents dentin's dissolution of the mineral components by neutralizing the lactic acid generated by the osteoclasts and also activates the alkaline phosphatase that plays an important role in the formation of mineralized tissue [21, 24] . In parallel, calcium ions are part of the immune response and may activate the calcium-dependent adenosine triphosphatase reaction, also associated with mineralization [21] . Thus, the beneficial effects generated by the use of this medicament in the present case are verified, which probably contributed to the success of the treatment, controlling the infectious process and stimulating the repair of the intraosseous fracture line in the palatal region.
On the other hand, the involvement of the coronal portion at the level of subgingival enamel on the vestibular surface made it necessary to expose the fracture line supragingivally to enable the performance of restorative procedures under ideal conditions of non-contamination, this being the second main objective expected of this case. This condition was achieved through gingivoplasty, which is a relatively simple and conservative method and offered a prompt result, allowing the restoration to be performed in the same session [5] . In the present case, it was not necessary to perform the osteotomy, which favoured the repair and aesthetics and did not cause any difference in the contour of the soft tissues in relation to the adjacent teeth.
It should be emphasized that the approach adopted, besides preserving the tooth and the coronal fragment, avoided the need for orthodontic or surgical extrusion of the root fragment, which are treatment options proposed for CRF cases and that aim to expose all the margins of the traumatized tooth in a more coronal (supragingival) position, through orthodontic movement or root luxation, respectively [5] . Orthodontic extrusion is a more timeconsuming treatment and requires gingivoplasty, since the periodontal tissues, including bone and gum, accompany the tooth coronally. On the other hand, although it is a relatively fast procedure, the surgical extrusion can cause bone loss around the root and offers risk of external root resorption [5] . In addition to these disadvantages, both types of extrusions require analysis of some clinical criteria: the root length supported by bone should be sufficient to maintain a crown-root ratio of at least 1:1 [25] ; the root length should also be considered in relation to the size of the intraradicular post that will be placed posteriorly; and the thickness of the dentin should be adequate to avoid risk of fracture [5] . These disadvantages and critical factors were avoided by the approach taken in the present case.
The final step of the treatment consisted in the aesthetic and functional rehabilitation of elements 11 and 21 by the placement of intraradicular glass fiber posts and composite crowns, which besides offering an excellent aesthetic result, gives greater resistance and retention, mainly to the tooth that underwent CRF, and allows the stress to be distributed evenly along the root [2] .
Considering all these aspects, it is noted that CBCT examination is fundamental to obtain a precise diagnosis, to help in the elaboration of the treatment plan and to follow the process of root fractures repair [26] . The images obtained through CBCT allow the visualization of the tooth from multiple planes at different angles and orientations, in extremely fine cuts and with high contrast, providing a three-dimensional reconstruction of the area of interest [7] . Through the initial CBCT, it was possible to accurately observe all fracture characteristics and determine the treatment plans. The final tomographic examination showed fracture repair at the intraosseous level through the interposition of connective tissue, an absence of bone rarefaction and absence of root resorption, indicating a favourable prognosis of the case. The success of the case has also been clinically demonstrated by the absence of signs and symptoms of infection, by the healthy appearance of the soft tissues and by the recovery of function and aesthetics after one year and six months of follow-up.
However, periodical clinical and radiographic followup must be performed and the occurrence of possible sequelae and complications should be considered, since it was an extensive and complex trauma of the dental and periodontal tissues.
Conclusion
The cases of severe trauma with the presence of FCR require a multidisciplinary approach, which should consider periodontal health, aesthetic and functional aspects. The association of flexible splint stabilization for prolonged periods, biological endodontic treatment, conservative gingivoplasty and restorative/rehabilitative procedures seems to be an adequate and conservative management for FCR cases in young patients.
